2 

(2) Japanese Patent Application Laid-Open No. 9-237829 (1997) 

"Semiconductor Integrated Circuit Device and Method of Manufacturing the 

Same 53 

5 The following is an extract relevant to relevant to the present invention: 

It is an object of this invention to prevent reduction of a threshold voltage of 
a MOSFET and occurrence of kink which is likely to be observed in a linear region 
in Vg-Id characteristics, in a semiconductor integrated circuit device formed by a 

10 shallow trench isolation process. 

To attain the foregoing object, a p-type well 5 and an n-type well 6 are 
formed in a main surface of a semiconductor device 1. Also, a highly doped p-type 
impurity region 7 and a highly doped n-type impurity region 8 are formed under 
respective gate electrodes 10 of a p-channel MOSFET Qp and an n-channel 

15 MOSFET Qn, respectively, so as to border on silicon oxide 2 which is embedded in 
the main surface of the semiconductor substrate 1 and functions as an isolation 
region. Further, a highly doped n-type impurity region 3 and a highly doped p-type 
impurity region 4 are formed under the silicon oxide 2. 
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fcfc'^T, MOSFETCU* l^ttiff ©«T*i V* 
CDVg- I d»ttC*Jtt4«»»WC«6n**>*© 

CD«S#SP^-efe^T> pft*;WKMOSFETQpi 
itfnf+*;i*MO S F E T Q nO^- big 1 0© 
TSBCs Wp»«»(MW7«il«ttn)W« 
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(a) 




( 2 ) 

1 

@&&?&@^i$c#gtrafcto©Km#$aii£i:> Buf3 

B"£fc-3*t\ 

ttK»i»©e8«l*fcau S5i3^x;i/O^SJKi:ll-0 
& £ t * *S{*JS«E]E§£EB. 

SiKKIMB^-* fcttWBJMI«><El»««© 3 F WWi* 

*[!8SSB. 

[flt&H4] MMIlo 2*fctt3B*ffl*MM*JMI 
H8SSIB ogiji^ffiT- & i X > 
(a) *aWMMR©klB±C, S' l J3>tMUtiyf 

> ^wat* * t z> ®n<D&m & wttfL-t s is £ , 
^<*s « & x. v > ^ u t s » * mm t s xi t , 

(c) ffim^Z#T-&&m'5i : ®B* i $J3&xy?-->V-r 
4£fcCJ:DWBB^©Wn9*tt*«ttJl"*xSfc> 

(d) mffi3fl5®.xy^>?2i\tc&m&-?X* fcU 30 

m%i (d) PJ^tC. sui3S«©isa5« 

H»as«©«3i#8s. 

t, 

(d) ©IJSCfc^T, ^x^l/SrBfia-rSfcK)©^ 40 

~~7e®^mss©3EC~w Bs^'T^ST^Tr?^" 

[«3W«7] 2*fctt3IB*©*»<WMI 
@tt«»©»jt#8cT & o T x 

[^©PSfflfciftHJl] 
[0 0 0 1 ] 
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2 

MMOSFET (CMOSFET) £ £ BttJ&SFft 
[0 0 0 2] 

[t^©ttffi] ^tt&^llB&SBClWE&etfai < * 

7 ?w * *m v^•r i » 7iz *jsmiziB&*m& 

-fSd^tflib^o-t^So CI ©&»V L S I ©#S? 
S g # * J &® £ ji5 £ o T V > £ o 

[0 0 0 3] CMOSrM^li, nft*;HM0S 
F E T £ p^-f^l/JfcMO S F E T fc#iS?!J£ieB£ft 

^^!S;i:!&o-cv^s*)©T•fe5o -£©Siifc£ffifciu aaw 

5 9^1 IE 3 0 0, A*tS8fi\ l~LSI 

J\>\f-7v9j> p4 0 2~p4 0 5tpb<i3«$n 

®^ic|{iB^-rsi:WT©i:*3?)T-feS. 
[0 0 0 4] *«(Mt«©±li±K:»jabfcp«'>x^ 

*»aabfcfft, y-h-^bM«:^fi)cb, *ea^U3> 

[0 0 0 5]*C <S«flC©V-^iiW**J:VKl'-f > 

f!H#>£i±AU p^^x^tcn^JJe^^fiK^n 
^4HHRtt&, nff^x^p^^fr&fiKSpJfc 

ijiigff^ii^^ti-en^b-c, nm^MosF 

ETi:pft*;*M0SFETi:4>?>ifiE?nS CM 
[0 0 0 6] 

^bb^^^^^ii^t?>«iv^ 0 . 

[0 0 0 7] biPb, ^^£*<t?JfflV^^,^^•tV^5L0C0 
S (Local Oxidation of Silicon) *£T-«U f^tf®^ 

T)-0"0^1~^^r"L-OX"O"Si£CTO^?-^»» _ 

^gtffiS^V^TMOSFETSrJBfiKI-St, MOSF 
E T©iWWWxCff * b < «ev^»#ttl4 Cfc**JMI 
#ttmv^tBbfeo W7> *»B8#©*v^UibfclHIHjftl 

[0 0 0 9] El 5lc, ^^?^-gli*$:fflVM:ff^b 
fc®^©MOSFET©|&^t4S:^-ro ^MxffiSI 1 5 
ltt, y-b@E (Vg) (C*fbT> KU'f >SSS (I 



10 



20 



d) (DpffiLMZtit- Vg-LOG (Id) fttetls 

[0 0 10] *8&flS&l 5 10b.#V>{lSEttVg, T* 
iftfHTt-fcSVg, ifjfclgVMthtto-tV^o 
^ttffi&Sl 5 lfc)U 7-h@E©®^S§Mti£K 

[0 0 1 1] miBSUfctt^ WTOidtS^I-SCi:^ 

ETtt, tiM£l&*l 5 2**nil©M0SFET 
fc, ^KfflSai 5 3 2©MOSFETfciM£ 

[0 0 12] ^lCMOSFETOLt^iiEttVg 

, -efeo, **©M»H*fctt£**t»©'«**- ft 2© 

MOSFETIi, -f<0b*V^«E*»Vg, T-fc ?K ft 
lCDMOSFET<fc&*)»tfi<£V>l*W >«JTettfPf 

[0013] tttsffisai 5 if^?H5M0 

SFETOl/SV^flMIEESaatHB^fcSVg, £9t>{K 
SJBHtt. 1 2 OMO S F ETO#St-$5 - 

[0 0 14] CCt% Hyf3©ft2©MOSFET#> 91 
SSOf*; W X C#V>T 5«J5££ <fc *> £ b& & ©T- 

So 

[0 0 15] «6fflV>TM0 S FET^© 

-if — hftE'trfc^T&iii^Sff^flnA feftT^S £ ^ 
~£3EEjff*7TSi6V v-* • K M VIM©"*** 

[0 0 16] mtZ<D^&#£te&2*lZ3- J r*) i '&fn 
I3ft2©MOSFETtC*tlfoU *3fe©^— 
UlCtofcotJBjaSixS^-lr^^ltlBJB 1 ©MO S F 



(3) »H¥9- 2 3 7 8 2 9 

4 

[0 0 17j£:fc, ffiHaftlftU:, LOCOSi£K«fcS8 
?£>K£43ivt:tt* c©,fc-5&R3Jaj!> s £bli^£:V , >-581 
8UWi:t>-ai"*. *k Locosat^ta 

[0 0 18] mffi©tftWlcJ;&»&*ifc*l» 

[0 0 19] Mffl§^ JH^«flWOlB**te 
HUTS &fc**«<bLfc«IBfeMO SFET^tS 

[0 0 2 0] #3SB§©fto©i$)te> b§VMISJE©<£T 
* «fc V* > *#§£©BS±£S£ b fcHJtar arc ^ti 

[0021] *5Bw©^e.tffe©iWtt, aaan^* 

[0 0 2 2] #$P£©HuI3&£VC^©{fe©Sttfcfr*a 
ftfMRtt* #W«»©IB«*J:VIOTIHH*&l8e>*»S: 

[0 0 2 3] 

[iSS£8?&-t-5fe»©^S!] *ISt:*5VA-cPa^$ha 
*©fc*3»5-CfeS. 

[0 0 24] ( 1 ) ;MBH©#*fMMftllB*Bt)U * 

i v b g v>fa«Easffl tomm * * -r a istt«* 

5. 

[0 0 2 5] £©J;-5fc*iliK***Ett8Bfc£iiK, 



30 



40 



[0 0 2 6] MO S F E T© b# ^fitfSEE© 

u-r >ra©^a* i PS^bt%^-r%^©i:#^e.n5. 
v^;u* J JBfi£$ns«Ei^ss^© 5 F*6«jiae&s«), c© 



( 4 ) 
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*##B±bT&£!iE/f tvlt< Ufe^CDT-feSo 

[0 0 2 7] £©J:-5fcttS5£tgb5;ri:£«fc>K ttff- 
+ *JWBJfcttMO S F E T©y- httffitt* 
fc©+*ffl't»fcJ5fcSi'i**-+*->»'* ►> fciSv^- VMS. 
-t-J&fi££ftSC:i:fc&!K MOSFETObl OfllSEE 

[0 0 2 8] ( 2 ) *%W<0^f*^«IllS&$IBtt, 8u 
13 (1) fcB«©iMW«l«BIWBE«T*oT, 8iS© 10 

[0029] z0Z5tt#m#MNBimBmKiLtia* 

«i*©j£gB«*SK »> x;KO^SBi:ra— ©3IS7&&^t- 
^l^jW6B*lc»AaF*t"tv»*fctt, c©TOMMMl 

[0 0 3 0] ( 3 ) ^H©4MVfttMIIBIB3ttldU tt 
gB (1) (2) KBtt©JNH*Jfc*iaB8K-?;fc 

^t, ^«#*fctt»*©tt««*©*tt»«flEB\ 20 

b * v ^behsaitommi c *a $ n s timmxue 

«fc 0 t> ISSST? & 5 C i: & 1*SR i: "f 3 t> © T- fe 5 . 
[0 0 3 1] Cffl'*-5fciNWW**BBW«C *ntt, 

jftSk-TSfe^ SiJlB (1) ©»**5S«WC3IStBt- 

— h@8iB*[Ri©> : f*gi5 - r'^$ns5 L +*;u^<fc ?) 

[0 0 3 2] ( 4 ) *ftB©**ft&MllMB©Wfi 
*«tt. Buffi ( 1 ) , ( 2 ) * fcl* ( 3 ) C§a«©*# 
f«fc«IIBIH«l««)IBfc6rtt'C*oT, (a) 
©£®±£> i^y :^>fc:#bT;x'.5'?->^' r 38#^^x£«?■ 
£^tS©»&£Jfci^S-r5X^I£: > (b) *JHfc.M*-= 

3Xgh N (c) 7^^ffe5p6**fii 

v^>^-r*ij:t«t5««©P8paj«ia*smt-sx 

ih, (d) **tts*f >ysnfc«KtT^*t 40 



p»flH*^©^tttt#AK:-3^TBB*&'Cfe?K CO 

^{C*V>Tt)7 , D-fe^©tSlS{bS1-5Ci:tf-C§5o 
[0 0 3 4]«R*» ^U3>lCttbTf 9^->^»Rtt 

[0 0 3 5] ( 5 ) *«W©*#(*««@BSiie©SaS 
Suta (4) JCI3«©KJi*iS5"e»oT, (d) 

©xsc*si>t, iRiRftx awDtfsmraicTtMfefc* 

A -T S C £ 4 ftfiS i: 1" 5 & © "C 5 . 
[0 0 3 6] C©£5&¥«tt*Kls]BSm©HiI£& 
CJ:M, SuiB (d) ©xftfcfcv^ RlftC* £S?H© 
as»«WcTIMfc**Ar*fc», iMIBBnflllim^© 

* hy^S^fiS-f Sd^tfT-t, 7 , o-b^©ffiBSYb*5«t 
im* -te jx ©S-&S £ A < t S C t V T- 1 S . 
[0 0 3 7] ( 6 ) *»ra©*««tjS«lHlESSB©»jg 
*tttt. 8MB (4) *fett (5) fci3«©S8ii*iST?fe 
■jT, (d) ©x*lK;fcv>-C> ^x;u^j5fi;-rsfc©© 

fc©T-fe5« 

[0038] ;®<to &^«tt«*HBBS©Sl&:&fi 

cina, mi§a (d) ©isfc:fev>T$x;i/*jBjjw-s 

fe»©=Ftt»©*A* fctt b & V>ffii8Sffl^*fi«8il SrJK 

«fcHft****ts ^«©ss^^^e.ta<-ri.^i: 

[0 0 3 9] ( 7 ) *^W©*^<*ft*[3IE&^B©S{ii 

Mia ( i ) x ( 2 ) * fct* ( 3 ) tiana©*^ 
»«*ii»««©«a*a5-«*oTx «ni««^©^tt 

©T-feS. 

[0040] c©«t^ ft^««MK«ilIHKSB©Hfi«^ 

^dt©> ^tt«»A©fc»©^^f iS'jjfcfefiH-rise' 



[0 0 3 3] i©J:3«t*»«:*«iatt«B©«3t*Ji. 
* s »Itl'r-fet)7'a-b^©1i^bx **<btSF#T-t> * 50 



S^<x ^©^x hMtt*$ff*&®A±K:* 
[0 04 1 ] 

[«5W©SaS©3BJB] WT, *«W©^JS©BS§SI2ii 

U ^©i^!3iIb©Uiajtt^BS-r?.. 
[0 0 4 2] (HJS©^«§ 1 ) Hltt, *%BJ©-^JS 
©JB»-Cft**a?*MHSfElB«B©-«*^b&t>©"T? 



( 5 ) 

7 

ifctK (a) tt±lHI8L (b) fct (a) £;fcttSB-B 
RrffiBU (c) fct (a) iztittZC-cmffi^yfito 

[0043] *mmcoBm<D*m&-mm®®$iB.&* * 

gffcStR 1 CD£ffl±£p5^*;Wf*MO S F E T Q 
iVnft^M^MOSFETQn^fU CMOSt 

1 0 0 4 4 ] 1 ©±S5£&> JK?*MMWtT 

fe taajgoBHb*' u 3 > 2 asjbek^ Jx, -e©^^ y 

Kp^*MMW*4jW&«3ft"C^*- iMUSnJB^tt 10 
yaws, 3 * <fc p «^tt*«« 4 p ^ + * 

^MOSFETQpj5iVnft*;HBMOSFET 

[0 0 4 5] *WttMRl©±iBCtt» P»** 

irpJ&i>x;W5 4:»<b^ l J3>2 4:©aHMW«Ctt % It 

n^£x.;i/6i:&fbS'y3>2i:©&#MWSfclix 
[0 0 4 6] n^W#MOSFETQnli, *a£& 20 

— b mm i o ©p<i©*&<*£ts 1 ©£B£^fi£2 

S. n JmfiKttWlftl l*Wn' *«K«W*1 2ttL 
DDfSjI©V— ^^.tVHU'f 
[0 0 4 7] pf^^WMOSFETQpli, 
SIS 1 (Di.ffifcfcJ&ZtltznM.'y 3i;i/6 ®±a5C^- h 
|ft»K9ft^bTJKfiR**ifcy-h«ffil Ot *<DV 30 

— b®t& 1 0 ©IPO^O^SSttStR 1 O^I^M^tife 
®mS^»6^^T-fe 2. p- *mWW& 1 3 43 J; 

ttWMNire $>&p' ymttw* i 4 1 & ffi&z n 

>#LDD&jtfc&5©l±M0 

SFETQni:Pl#T-$li. 

[ 0 0 4 8 ] 1 0 (DfflWMZif'f ¥ t> *— 

5&Ml&2n, f-htfil 0©TS&©pJf* 
S:c;V5:fc«fcVn^*x;i/6fcB:btvMi©Ef&JfflJJI 1 
6#JJM£ftTV^. 40 

[0 0 4 9] !WUEp^tt»iW*7 43J:VJ8««nJB 

— btt@l 06 i 5>©S^4 1 t«fcSSteSOffJfiS,^B5± 

««ff^JjaiS 1 6 Ci*ASftfc^tt*©»** t> *>^s < 
& 5 J; 9 9H it 2 ft * *> © t? & £ . 
[0 0 5 0] &tc, WE©*«MM(l«[aB«B©«3S* 

[0 0 5 1] El 2 ~0 1 4 tes *^iO- HJEO^ffiT' 



4WP9-2 3 7 8 2 9 
8 

TffctK (a) tt±HBU (b) (a) C*I**B- 
BKSHs (c) t± (a) K*5tt£C-C»r®H£7js 

[0052] *-*\ 02c^-r«taic, pj&s/ysyj* 

&§k-C®f&2i\tz*m<&&fiL 1 ©±®±£ 1 0 nmgg 
'j3>118^10 0nmSI«St5 (E2). 

[0053] bfe^sMJ- 

>ftt«SJBV*TI»*-*-« (0 3) . 
[0 0 5 4] ifcfc, Ui>* h 1 9&R*£bfc«. Sofe 
Sfls * U 3 >K 1 8 fc^* ^ k LT*i91*S$g 1 CS» 

4) o 

[0 0 5 5] miXgK:43V%T^'^^i:bTffifflb 
fcaMbS" y 3 >JR 1 8 feT* f > ^fc if ©^*tt J- v 5=- 
>*"£J;>5 3 OnmflgBfci-U ^gBPgP©^2 0S 
8tB£*£ (05) o 

[0 0 5 6] *HJ V^^&ffifc:.*. DJ&fSb 

l/ftiftf'J3>il 8i:£v;**£:bT, n?-**;u 

BMO S F E T QnC^^^SiMt: pMttfc 

6) . cfttcttK ^©^©ispgptigasp^ 

»**4ftJBJ«"J-*. 
[0 0 5 7] ftC^ *>'JV^5 7-fft«CJ:t)jejab 

b fef ft-> V3>I18i:S?^^fcbt, p^-V'^u 
flP10SFETQp©J&fiR3ft5«i£fcnJf^*6^, 
iHP («;» Sr-f^>iT*»3i^^«t»)«A-r* (0 

7) . CHlCt!?, ^©^©ISPSP^^iiSn^ 

%««3SJi5fig1-5. 
[0 0 5 8] ^CT% W«Sp^5Ftt*«*7, «Sfi 

Cnj^mWHIS CiAtlWHOiaEtt* 5 x 1 
0" atoms/cm' W±i:-rSd ii^T-t 5. 
[0 0 5 9] mii3©«fc-5t> «?8©ff2fi££:iS??IPg 
□S6^©^^©?iAi:tt, SMb^'Ja^Btl 8{ci2> 

>|R1 8*»S/'J3>C**bT3:«5»^>yjiJRtt**tS 
^)MT-fe5^i:4^JfflUfc4)©T-fe5. -r*tt>"6% ^'J 

3 > t g^b y 3 > i: ©<ajnip— 15<dhx- v > v $ fx 
k^ft&frofcD-rs^i:^ ^>>^-v> ^fe^>v^^± 
x v ^ > ^*rx©aiRic «t •) Rit6T-fe s 3. &mm b> 
^©jfjfi£t*3v>Ttt'>y3>*s^^^>^^nsife^ 

t43V^Tx•>5 L >^$:ll^fb^ ^miflP^©^^!© 

jgAwfcto©-?;** ©JKfi£lci3V>'Cli^b->y 3 



( 6 ) 
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[0 06 0] g*E±®£CVD (Chemical Vapor 

Deposition)**^ it), Tz£3L tOHb ^ 'J n >M 2 3 

srajau »i»rticBMbs/y3>*a»atr (08) . 

-fb 771/ 5. - "> A SgT? fe o T *t <fc V * o 
[00 6 1] ftt, Kfb^iJ=i>JR2 3«3iy^<ir^ 10 
LT *«#S« 1 <Z>*Hft¥Sfl3 U SiW£©»fl5S' y 
3>2fe^fi£i-S (0 9) . iCf, a<b'>U3>Kl 
8 %x.y?-rty&<Dx-y?->?Z r y^fcbTfflV^^ 
ttf-elS. r*:*)*, BMbi^U =a>M2 3 
yi--Sk:^bTv ■flsi'U 8©tftffifti«£j- 

[0 0 6 2] Ifet, nf + W^MOS FETQnfcfe 

sratp^Mft (fc^^ttfB) ft* a-v&wst:* 

FETQpiiJ&SiSICn^tl (fctiKP) ft* 
*>&A&fc*»>SAbTn^*x;i/6ftJ&fiSi-3 (0 

1 0) o 

[0 0 6.3] ftC, pJfc'>x;U5:fc«fct5nfi2£x;i/6© 
*tl j etl<Dfr*)\'mt$i£.pM :: F$W!} (fc£*.«B) ft 

(El 1 ) o 30 
[0 0 6 4] ifctc, h^M9 ft<$6. 5 nmCli 
T- JBfiK b fc^> 1 ±K C V D iS-C >J > ft 8si0 

b tz^m^> y ^ >KftJt« u ccd^Hv" y n >m 
ft3i<v^>^bTy-hm® i oftjfM-rs (si 

2) . 

[0 0 6 5] y-bSfill 0ftv**CbTpJfc 

■^x;i/5(CnJK^^ (f:i:iliAs) ft-ftf^SAb 
•t, t^HMOSFETQnOiiSCn 
ttMl lftJBJSK-rSo y-M®104^ 
^KbTnff^x^efcpJf^^ (fci:*KBF,)ft 40 
-f^>!£Abt> p^-\>*;WKMOSFETQp©<B« 
-Tf^-^«18^T^-ftBMT?» _ (0^3-) . n ¥ 
jJ»tefg*£l l*«tVp- tzh*.\Zl 
0" atoms/cm' (O^W^m&XY&^f h Z. t#T-#S. 
[0 0 6 6] *»ff»Rl±K:CVDiSTfl(l«[U 
feK<b->y 3>KftR I E (Reactive Ion Etching) i£ 
■C-^^^>^L/T> y-hSISl 0©tl®K-y* }"t>* 

y- i 5 ftj&fiE-rs (014) . 
[0 0 6 7] ifec, y-hSfiii ot-y-f 

yi Sft-^^tCUT, p^x^SlCnJfc^Wg!! 50 



(fc£;U£As) ft*2j->i£AU nf+^MOS 
F E T Q n©i§itg©n' 4MfMtfH« 1 2 ft^fig1"So 
HMftlc. n^->x;i/6tp^itie^ (fctx.«BF,)ft 
>f*>aAU pft^iBMOSFETQpOKSS 
©p* *«W*:««1 4ftJ&j«LTiaUcw-r*i9»*«t 

• ¥S|fr^l 4 tt, fci:^.«l 0" atoms/cm' ©=F$6 
«35aS-r-^J5g1- S C t tff S 5 . 
[0 0 6 8] *HS(SO^O^(*ai«0KSe*J 
•£-©§Sjt7Di£C«fcfttf, JSnF©<fc?fc8&l!lftf# Sdfctf 

[0 0 6 9] (1) pJK^x;u5*5J:tfn^^x;i/6 i: 
SHb-> y ^ > 2 i:©SSfHH5#tc, XSftp )&7ltt4ti1Rtt 
7*<ttf]SimKnJB^^^8ft^ltfcfc», sSS?# 
gftfci: LXn&m? #»$SftfliV>T 6 MOSFETQn 

[0 0 7 0] ( 2 ) ttjfttiD&ffifcffiran^ttttffitt 
3*AWl««flEp^««««4ftJB«bfcfc», SR? 

[0071] o) nm&vw^wmm&i &±-&T&m 

S. nt&fWtaW* 8 <Z>7M4to9UE ft b £ V>fiSmffi$«Jffi!» 
to, lSii^nB^**^««8©gSB4*fiteb&!>> n 

mm. p w^nmmm 1 1 * »* s b $ v ><bs£e # n f- * * 

;HMO S F E T QncD-y- hflM<P*«5fc*»-4 b§ 
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